Epidemiological research on the relationship between diet and asthma has increased in the last decade. Several components found in foods have been proposed to have a series of antioxidant, anti-allergic and anti-inflammatory properties, which can have a protective effect against asthma risk. Several literature reviews and critical appraisals have been published to summarize the existing evidence in this field. In the context of this EAACI Lifestyle and asthma Task Force, we summarize the evidence from existing systematic reviews on dietary intake and asthma, using the PRISMA guidelines. We therefore report the quality of eligible systematic reviews and summarize the results of those with an AMSTAR score ≥32. The GRADE approach is used to assess the overall quality of the existing evidence. This overview is centred on systematic reviews of nutritional components provided in the diet only, as a way to establish what type of advice can be given in clinical practice and to the general population on dietary habits and asthma.
Diet constitutes an important source of nutrients and nonnutrient components with multiple properties that might modulate the risk of asthma and other chronic respiratory diseases in the population (1, 2) . The characteristic features of oxidative stress and inflammation that are central to the clinical manifestation of asthma make diet a potentially key factor in the modulation of this disease (2) . Such association has been increasingly studied in observational and intervention studies. To date, epidemiological evidence from observational studies is suggestive of a possible protective effect of intake of fresh foods (mainly vegetables and fruits) (3) . Welldesigned randomized controlled trails (RCTs) have been carried out to test the effect of antioxidant supplements on asthma risk (4, 5) and asthma severity (6) but results have so far been disappointing. More recently, evidence from dietary interventions using increased net intake of dietary sources of antioxidants in asthmatic adults shows some moderate but promising results in improved lung function and markers of inflammation in asthmatic adults (7) .
Understanding the evidence on the possible effect of food intake on asthma can contribute to introduce clinical guidelines and public health recommendations to the population. The Global Initiative for Asthma Guidelines (GINA) includes amongst its recommendations, the practice of a healthy diet for the primary prevention of asthma (8) . However, there are still important gaps in the interpretation of the type of foods or diets that the population should incorporate to improve their health. This is partly due to the fact that the complexity of the association between diet and asthma lies with the definitions and categorizations of both terms. Epidemiological studies differ greatly in the measures of dietary exposures and in the use of agreeable definitions of asthma. To facilitate an adequate interpretation of the existing evidence, high-quality systematic reviews are needed. As part of the work of the EAACI Evidence-Based Clinical Practice Guideline Task Force on Lifestyle Interventions in allergy and asthma, we carried out an overview of existing systematic reviews on food intake and asthma.
Methods
Search strategy and study selection Systematic reviews published until December 2013, with no specific start date, were considered for inclusion. We searched MEDLINE and EMBASE (via OVID), and the Cochrane Database and DARE (via the Cochrane Library). The strategy for identifying existing systematic reviews was based on published methods showing this to be a sensitive and specific strategy for identifying systematic reviews (9) . The search strategies used are included as Appendix S1 to this manuscript. The following relevant terms for outcomes were included for our search in MEDLINE: asthma ab, ti.
Asthma/wheeze ab, ti; wheezing ab, ti; bronchial hyperresponsiveness ab, ti; bronchial hyper-reactivity ab, ti; bronchial hyper-reactivity/; 1 or 2 or 3 or 4 or 5 or 6 or 7. Existing systematic reviews were included in the current overview if they investigated the association between any foods or diets and risk of asthma. Accepted definitions of asthma were 'self-reported asthma', 'Dr-diagnosed asthma' and 'wheeze', as well as objective measures of asthma (bronchial hyper-responsiveness). Reviews on artificial supplementation (e.g. supplementation) were excluded from this overview.
Quality assessment
Eligible systematic reviews were appraised using the revised AMSTAR criteria. AMSTAR is an 12-item tool to assess the methodological quality of systematic reviews that has been internally and externally validated and has been found to have good reliability (10) . A score ≥32 was used as cut-off to consider them of high quality and to be included in the analyses. As far as possible, these data were presented using Cochrane Summary of Findings Tables, generated using Characteristics of included studies were summarized in  a Table for all included reviews. Data were independently extracted by two authors (VGL, SDG). Any discrepancies were discussed with a third member of the research team.
Results
After identifying 1174 papers potentially relevant for the overview, 802 titles and abstracts were examined for potential eligibility, of which 20 were considered relevant and fully examined for inclusion ( Fig. 1 ). Of these, there were seven systematic reviews that met the AMSTAR score for high quality (≥32) (3, (11) (12) (13) (14) (15) (16) , whilst one study was excluded for scoring below this mark (17) . Four articles were literature reviews or critical appraisals (18) (19) (20) (21) , and six were systematic reviews on specific nutrients given as artificial supplements only (22) (23) (24) (25) or on calorie restriction (26, 27) . There were two abstracts excluded, one with no further information (28) and a second abstract which was followed by a noneligible publication (29) ( Table 1 ).
The characteristics of the seven eligible systematic reviews are summarized in Table 2 . Dietary intake of antioxidant vitamins, minerals or single foods was examined in two systematic reviews that included 40 (11) and 62 studies (3). Both systematic reviews only included observational study designs. Two systematic reviews examined the evidence on risk of asthma and exposure to fish intake (15, 16) . The systematic review by Yang et al. (15) identified 11 eligible studies, whilst Thien et al. (16) included nine randomized controlled trials (RCTs). In the latter, although studies were identified on actual fish intake as exposure, there were no studies eligible for effect comparison and only trials with artificial fish oil supplementation were included in their results. One systematic review analysed the evidence from eight observational studies on various measures of Mediterranean diet adherence in and various outcomes of asthma (wheeze) and severity in children (13) . Two systematic reviews investigated the effect of diets with high, low and normal levels of salt on adult asthma. The systematic review by Ram and Ardern (12) included six RCTs and that by Pogson and McKeever (14) included three RCTs.
The overall effects reported by the high-quality systematic reviews included in this overview are summarized in Table 3 . Evidence on the following dietary exposures was comparable and therefore analysed: vitamins A, C, D and E, dietary intake of fruits and vegetables, Mediterranean diet, intake of fish or omega 3 fatty acids and salt intake. With regard to antioxidant vitamins, Allen et al. (11) reported an overall increased risk of asthma with decreasing intakes of vitamin C in ten observational studies (OR 1.12; 95% confidence interval [CI] 1.04-1.21) and on wheeze (OR 1.10; 95% CI 1.00-1.20), with no evidence of heterogeneity across studies (I 2 = 0.0%). There was no evidence of an effect of maternal vitamin C intake and infant wheeze (OR 1.30; 95% CI 0.47-3.62) in the two included studies (cohorts), and their heterogeneity was very high (I 2 = 88.6%) (11) .
Maternal intake of vitamin D was negatively associated with risk of recurrent wheeze or wheeze in the last 12 months in children (OR 0.56; 95% CI 0.42-0.73) in four meta-analysed cohort studies. There was small evidence of heterogeneity in these studies (I 2 = 15.8%) (3) . No evidence of an association was observed in two meta-analysed cohort studies on maternal exposure to vitamin D and risk of childhood asthma, with their meta-analysis showing high level of heterogeneity (I 2 = 72.8%) (3). Four meta-analysed cross-sectional studies showed that dietary intake of fruit (but not vegetable) was negatively related to wheeze in children aged 10-14 (OR 0.75; 95% CI 0.61-0.94), with high evidence of heterogeneity (I 2 = 0.66%) (3). Adherence to a Mediterranean diet was related to a lower risk of current wheeze in children in a metaanalysis of nine cross-sectional studies (OR 0.85; 95% CI 0.75-0.98), and this negative association was also confirmed when only studies from Mediterranean cities were combined Table 1 Quality assessment of existing relevant systematic reviews on asthma or wheeze and food intake using R-AMSTAR scoring
First author [reference]
Agreed R-AMSTAR score Decision Allen (11) 32 Included Ram (12) 37 Included Cheng (26) Excluded -Calorie restriction only Gao (17) 27 Excluded Galli (18) Excluded -Literature review Garcia-Marcos (13) 33 Included
Horvath (28) Excluded -Abstract only with no further publication Kaur (22) Excluded -Vitamin C as artificial supplement only Klemens (23) Excluded -PUFA as artificial supplement only Klemens (29) Excluded -Abstract only (full SR above) Kremmyda (19) Excluded -Literature review Milan Stephen (24) Excluded -Vitamin C as artificial supplement only Moore (20) Excluded -Literature review Mulholland (27) Excluded -Calorie restriction only Nurmatov (3) 35 Included Pogson (14) 37 Included Reisman (25) Excluded -O-3 fatty acids as artificial supplements only Saadeh (21) Excluded -Review/appraisal article Yang (15) 34 Included Thien Francis (16) 37
Included -O-3 fatty acids as artificial supplements but it contains a section on fish intake *An agreed score of ≥32 achieved by two reviewers was considered acceptable for inclusion in this overview. 
Pogson (14) Asthma (BHR) The authors reported that from the three eligible studies, data were not comparable due to the different substances used for provocation and differences in the presentation of data MD, mean difference; OR, odds ratio. *Bold values indicate statistical significance (P-value<0.05) (n = 6; OR 0.79; CI 0.66-0.94). In both meta-analyses, there was moderate evidence of heterogeneity across studies (I 2 = 35.4% and I 2 = 43.6%, respectively). With regard to salt intake, there was no evidence of an effect of variable intakes of salt on lung function measures in asthmatic adults in the systematic review by Ram and Ardern (12) . Tables 4 and 5 show the quality of the studies for which combined evidence assessment could be drawn. Studies on vitamin D were considered of moderate quality, mainly supported by cohort designs used. The evidence on fruit intake was mostly obtained from cross-sectional studies and with relatively small samples therefore they had a low quality.
Discussion
In this overview of systematic reviews on dietary intake and asthma, we found seven systematic reviews that met the AMSTAR score for high quality. The results show evidence of a negative association between asthma or wheeze and dietary intake of vitamins C, E and D, as well as intake of fruits and adherence to a Mediterranean diet. Objective measures of asthma were unrelated to variable levels of intake of salt in RCTs. With the exception of the evidence for vitamin D, the associations observed between asthma and dietary intake of foods and antioxidant nutrients come mostly from crosssectional studies.
There are several strengths of this overview. First, it employed a comprehensive search strategy, developed and piloted to capture all available systematic reviews that met the eligibility criteria of this Task Force's review. We also used AMSTAR as a validated instrument to assess in detail the methodological quality of included reviews. In spite of the abundant-scientific literature on asthma and diet, few systematic reviews meet the recommended cut-off score for high-quality reviews. These are needed to produce adequate guidelines for health professionals, patients and patientaffiliated associations.
Given the diversity in the way diet and asthma outcomes are measured in epidemiological studies, making results comparable remains a major challenge. We focused our overview Table 4 Evidence from existing systematic reviews on the effect of dietary intake of vitamin D for the prevention of asthma in children Summary The assumed risks are for populations at low, medium and high risk of developing wheeze. The corresponding risk (and its 95% confidence interval) is based on the assumed risk in the general population and the odds of having asthma or wheeze (and its 95% CI) given the specific dietary exposure. CI, confidence interval; OR, odds ratio. GRADE Working Group grades of evidence. High quality: Further research is very unlikely to change our confidence in the estimate of effect. Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate. Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate. Very low quality: We are very uncertain about the estimate. *The exposure to vitamin D was obtained from self-reported intake of foods from a dietary questionnaire. Due to the nature of vitamin D synthesis, plasma levels of vitamin D are a better predictor of Vitamin D status than data from FFQ. †There was a low level of heterogeneity between studies (I 2 15.8%), and they were all of prospective cohort design. ‡The confidence intervals for the pooled effect were relatively narrow.
in accepted definitions of 'asthma' commonly used in epidemiological studies as a way to minimize the noise caused by the use of very different terms. Both 'self-reported asthma' and 'wheeze' have been considered to be reliable estimates of the disease, particularly in epidemiological studies in children.
Often, consistency in the way the questions are asked in questionnaires helps to strengthen the identification of individuals who have asthma. The reporting of wheeze in populationbased studies is the commonest approach used by epidemiologists to ascertain prevalence of asthma, particularly in children. In spite of the variations that the term might have across countries, the standardized used of wheeze-related questions is helpful. Recent advances to examine the usefulness of the use of wheeze as a proxy for asthma diagnosis in epidemiological studies have shown that recurrent (unremitting) wheeze is specific of childhood asthma and that it correlates highly with its clinically defined phenotype (30) . Similarly, the use of parental reported Doctor-diagnosed asthma has been shown to be specific of the disease in epidemiological studies (31) . Most of the evidence of a protective effect of dietary antioxidants and asthma was found in children. A reduced risk of childhood wheeze with higher intakes vitamin D, fruits and adherence to Mediterranean diet was found in two systematic reviews (3, 13) . These findings are mirrored in a recent cohort study on 1924 children, which showed that intake of vitamins D and E were negatively associated with asthma at age 10 (32) . These results further support to the notion that actual intake of sources of antioxidants might have a beneficial effect against asthma. So far, the evidence from RCTs on dietary antioxidants (single or combined) has provided no justification to use nutritional supplements in the prevention or improvement of asthma management in adults and children (4) (5) (6) .
Evidence from food interventions in asthmatic subjects is still very scant to understand the possible effect of specific foods on respiratory health, but several emerging studies suggest that RCTs with foods are possible. In adults, a food intervention with increased intake of daily portions of fruits and vegetables was associated with a reduction in markers of inflammation in asthmatic adults, but not with clinical outcomes of the disease (7) . In pregnant women, an intervention is currently underway to test whether a net increase of dietary antioxidants can reduce the risk of asthma in the offspring (33) . Garcia-Larsen et. al. recently demonstrated the feasibility of doing a fresh fruit intervention to test changes in asthma-related symptoms in a pilot study of asthmatic children aged 6-10 (34). We identified two other systematic reviews published after our search strategy was carried out. Brigham et al. (35) examined the evidence on the association between adult asthma and 'Western' dietary patterns in ten observational studies. The authors reported no relation between risk of incidence or prevalence of asthma and having a 'Western' dietary pattern in combined analyses that included 70 000 individuals. There was marginal evidence of a positive association between symptoms of asthma severity and intake of a 'Western' dietary pattern. Netting et al. (36) recently showed in their systematic review on maternal dietary exposure and asthma that there was a lower risk of asthma in the offspring of mothers who had a Mediterranean dietary pattern, or consumed diets rich in fruits and vegetables, fish and vitamin Dcontaining foods.
Our overview of systematic reviews was limited to dietary exposures included in the actual diet rather than in the use of nutrient supplements. This focus was intended to provide evidence of the effect of food intake, as a tangible measure to give public health advice. We restricted the scope of this overview to asthma, wheeze or lung function measures in asthmatic subjects; therefore, interpretation of findings should be kept within the limits of these outcomes.
Overall, this overview of systematic reviews shows evidence of a beneficial effect of fresh fruits, and antioxidant vitamins on asthma. The time of exposure would seem to be important, as protective effects appear more clearly in early life and childhood. This evidence supports recommendations in clinical practice to increase the net intake of fruits and vegetables as a way of reducing the risk of asthma, particularly in children. The current evidence comes mostly from observational studies and highlights the need for well-designed RCTs to investigate whether such an effect has clinical benefits. The high prevalent rates of asthma in the general population, particularly in children, justify the implementation of such studies.
